ABSTRACT
Thus, we can inhibit the growth of tumor cells by inhibiting glycolytic pathway 2 . As a glycolytic inhibitor, "3BP is a fast acting, promising, powerful, specific and effective anti-cancer agent", said by Pedersen 3 . Also 3BP has been identified to inhibit tumor cells proliferation as a proposed widely used anti-cancer agent 4 , such as in breast cancer cells 5, 6 , liver cancer cells 7, 8 , lymphoma cells 9 , lung cancer cells 10 , pancreatic cancer cells 11, 12 , gastric cancer 2, 13 , colorectal cancer cells 14 . Those significant anti-tumor effects of 3BP has made it getting more and more attention 15, 16 .
Our group also pay attention to the anti-tumor activity of 3BP. For one paper, 3BP induced autophagy by stimulating ROS formation in human breast cancer cells, which could be inhibited by chloroquine 17 . The further research demonstrated that Toxicity is one of problems that must be considered during the treatment of disease. It correlates with excessive drug-dose or too long drug treatment for the body. Drug-related hepatotoxicity of some drugs has been defined in literature.
Acetaminophen is the most widely used antipyretics, which is a safe drug at therapeutic doses. However, its overdose can lead to hepatic and renal damage 19 , which may be fetal. Ifosfamide is an anti-cancer agent, which is widely used in the treatment of solid tumors, such as gynecologic, head and neck cancers, lymphomas, and osteogenic sarcoma 20 , but the nephrotoxicity particularly limited its application 21, 22 .
Though previous research showed that 3BP had no hepatotoxicity when inhibiting lung tumor genesis 10 . Whether 3BP
is safe in other tumors is still a pending issue. In the work here we focus on hepatotoxicity and nephrotoxicity of 3BP in nude mice and Kunming mice.
Methods

This study was approved by the Ethics Committee of
Bengbu Medical College.
The compound 3BP was purchased from Sigma-Aldrich All animals were kept at room temperature and subjected to a natural day/night light cycle and allowed free access to standard diet and water.
Blood chemistry analysis
Animals were sacrificed after quickly removing liver and kidney, and blood were collected from eyes. The samples of blood were stewing for half an hour, taking the upper serum after centrifugation (1500 r/m, 10 min). The serum was detected by automatic biochemical analyzer (Beckman, USA).
Hematoxylin and eosin staining assay
Tumors, livers and kidneys were stored in 4% formalin solution, embedded in paraffin, which were cut into sections and stained with hematoxylin and eosin according to the manufacturer's instructions.
Immunohistochemistry assay
Liver tissues were stored in 4% formalin solution, embedded in paraffin, which were cut into tissue sections and were used for immunohistochemistry according to the manufacturer's instructions.
TUNEL assay
The slices of liver tissues were stored in 4% formalin solution, embedded in paraffin, which were cut into sections and were analyzed by one step TUNEL apoptosis assay kit. The analysis was carried out according to the manufacturer's instructions.
Statistical analysis
All data were expressed as mean ± standard deviation (SD). SPSS v.16.0 software (SPSS Inc., Chicago, IL, USA)
was used for data analysis. *p<0.05 was considered statistically significant.
Results
The effect of 3BP in nude mice
3BP clearly suppressed tumor growth compared with the control group (Figure 1 a, b) . The results of H&E staining demonstrated that 3BP caused part of necrosis tumor issues ( Figure   1c ). The analysis of blood chemistry showed that activity of AKP,
ALT and AST changed indistinctively (p>0.05), which means that 3BP at 8mg/kg did not damage liver tissues (Figure 2a) , also the same results of H&E staining on liver (Figure 2b ).The analysis of blood chemistry in nude mice showed that the concentration of BUN, UA and CER changed indistinctively (p>0.05), which means that 3BP at 8mg/kg did not damage significantly to kidney tissues ( Figure 2c ). The results of H&E staining showed that 3BP at 8mg/kg did not damage kidney tissues (Figure 2d ). 
The effect of 3BP on liver and kidney in Kunming mice
Liver index in drug groups were higher (p>0.05) than that in control group (Figure 3a) .The activity of AST and ALT both increased in three drug groups, 3BP at 4 mg/kg and 8mg/ kg did not change significantly (p>0.05), while 3BP at 16mg/kg group changed significantly (p<0.05) compared with the control group (Figure 3b) . The results of H&E staining showed that 3BP at 8mg/kg did not make damage to liver tissues ( Figure 3c) . As an endoplasmic reticulum stress protein, the expression of GAPDH will be increased when tissues were injured. Compared with the control group, the expression of GAPDH at 4mg/kg and 8mg/ kg 3BP group did not changed obviously, while its expression in 16mg/kg 3BP group (Figure 3d) .The result of TUNEL assay showed that there were few apoptotic cells in 4mg/kg and 8mg/kg 3BP group, while more apoptotic cells could be seen in 16mg/kg 3BP group and positive group (Figure 3e ).
These results indicated that 3BP at the dose of suppressing tumor growth did not exhibit hepatotoxicity and nephrotoxicity in nude mice. Comparison of liver index. Liver was collected after animals were sacrificed and were calculated with the formula: liver index weight/body weight×100%. Liver index in 3BP (4mg/kg) group were higher compared with the control group (p>0.05). With the increasing drug dose, the liver index in 3BP (8mg/ kg) group and 3BP (16mg/kg) group was almost equal. b. Comparison of activity of ALT and AST in serum increased in drug groups, 3BP at 4 mg/ kg and 8mg/kg did not change significantly compared with the control group (p>0.05), while 3BP at 16mg/kg group changed significantly (p<0.05). c. H&E staining of liver tissues in vivo. 3BP at 4mg/kg and 8mg/ kg did not cause hepatotoxicity compared with the control group. d. The effect of 3BP on expression of GAPDH in liver. The expression level of GAPDH at 4mg/kg 3BP and 8mg/kg 3BP group changed fairly compared with control group. e. The effect of 3BP on apoptosis. There were few apoptotic cells in 3BP at 4mg/kg and 8mg/kg group, while 16mg/kg group were changed significantly compared with the control group.
Discussion
As a glycolytic inhibitor, 3BP has been widely used in anti-cancer researchers in various tumor cells 9 , particularly in liver cancer cells 23 . Our group have done some researches about 3BP
anti-tumor effect in vivo 18 . The researches of anti-cancer effects of 3BP had a good foundation of papers. However, there were few researches about the toxicity of 3BP.
Liver is the major organ to cope with metabolic substances, which has various functions including detoxification, bile secretion, glycogen storage, immune defenses etc. What's more, kidney is an important excretory organ. The Function of liver and kidney indicator the toxicity of drugs 24 . The Function of liver and kidney is one of important indicator of toxicity 24 . As a sign of liver damage, oxidative stress causes multiple lesions in the plasma membrane 25, 26 . One of the important targets of oxygen is glyceraldehyde-3-phosphate (GAPDH), which is also an important index of liver damage 27, 28 . In previous reports, anti-tumor effects of 3BP in animals have been gradually found by the world 29, 30 . The present study demonstrated that 8mg/kg 3BP presented no hepatotoxicity and nephrotoxicity in nude mice, which also had a good effect of inhibiting tumor growth. For Kunming mice experiment, there was no significant hepatotoxicity in liver tissues for 3BP group (8mg/ kg). In summary, these results may remind us that as a potent antitumor agent, 3BP has no hepatotoxicity and nephrotoxicity under the dose of inhibiting tumor cell growth. The extensive toxicity of 3BP need to be evaluated in further researches. The results of this study may have an implication for future study of 3BP.
Conclusion
3-Bromopyruvate at the dose of suppressing tumor growth did not exhibit hepatotoxicity and nephrotoxicity in nude mice, and the effect on liver was confirmed in Kunming mice.
